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Abstract

The structural scheme of an electromagnetoelastic actuator for nano biomechanics is
found. The structural scheme of an electromagnetoelastic actuator has difference in the
visibility of energy conversion from Cady and Mason electrical equivalent circuits of a
piezo vibrator. The electromagnetoelasticity equation and the differential equation of the
actuator are solved to construct the structural scheme of the actuator. The structural scheme
of the piezo actuator is obtained by using the reverse and direct piezoelectric effects. The

transfer functions of an electromagnetoelastic actuator are written.
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Introduction

Electromagnetoelastic actuator in the form of piezo actuator or
magnetostriction actuator is used in nanomanipulators, laser systems,
nanopumps, scanning microscopy for nano biomechanics. The
piezo actuator is widely applied for nano biomechanics in medical
equipment for precise instrument, in optical-mechanical devices and
adaptive optics systems.'"*

The electromagnetoelasticity equation and the differential equation
of the actuator are solved to found the structural scheme of the
actuator. The structural scheme of an electromagnetoelastic actuator
for nano biomechanics has difference in the visibility of energy
conversion from Cady and Mason electrical equivalent circuits of a
piezo vibrator. The structural scheme of electromagnet elastic actuator
is obtained by applying of electromagnetoelasticity, mathematical
physics and transform of Laplace.*"!

Structural scheme

The structural scheme of an electromagnetoelastic actuator for
nano biomechanics is changed from Cady and Mason electrical
equivalent circuits.™® The equation of electromagnetoelasticity*'* has
the form

_ ¥
S =d, ¥, +5; Tj

where S;, d

mi >

Y o os¥ and T , are the relative deformation,

m? g

the module, the control parameter or the intensity of field, the elastic
compliance, and the mechanical intensity, respectively; i=1,2,....6 ;
m=1,2,3;and j=1,2,...,6 are indexes.

The differential equation of the actuator has the form*3*
dzE(x,p)/a’x2 - yzE(x,p) =0

y=p/c¥ +a
where E(x, p) is the transform of Laplace for displacement; p,
Y, e , O are the operator of transform, the coefficient of wave

propagation, the speed of sound, the coefficient of attenuation.

The system of the equations the transform of Laplace for the forces
on the faces actuator is found'*+

M,p°E,(p)+F(p)=S,T,(0,p)
F(p)=5,T,(.p)
where M, M,, El(p)’ Ez(p)’ Fl(P)a Fz(P)r S, are the

masses on two end faces, the transforms of Laplace for displacements
and the forces on two end faces, the area of actuator.
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The system of the equations the transform of Laplace for stresses
acting on the faces actuator has the form

1 dE(x,p d
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The system of equations for the structural scheme of an
electromagnetoelastic actuator for nano biomechanics on Figure 1 has
the form
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;J: 37 = YH , E, H are the intensity of electric field
§335511 5555

and the intensity of magnetic field.
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Figure | Structural scheme of electromagnetoelastic actuator for nano biomechanics.

Therefore, the matrix equation of an electromagnetoelastic
actuator has the form

E(p)
Fz(P)

(El (p)]_(Wu(P) Wa(p) Ws(p)

2,(p)) Wulp) Wun(p) Wul(p)

] ¥, (p)

The equation of the direct piezoelectric effect for the piezo
actuator!®!* has the form

where D, , &F, are the electric induction and the permittivity;

k=1,2,3, The coefficient of the direct piezoelectric effect k, for
the piezo actuator for £ = const has the form

I
kd — .=n (p) — dén‘zi‘g() ) :1, 2
2, (p)

where 1. (p) , 2, (p) are transforms of Laplace for the current
=n
and the velocity; 7 is the number of the face actuator.
The transform of Laplace for the voltage of the negative feedback

has the form

d

mi

U, (p)=

After conversion with negative feedbacks Figure 1 structural
scheme of the piezo actuator has form Figure 2.

The coefficient of the reverse piezoelectric effect kr has the form

S
k. o=k, ==mi 0
r d 555
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Figure 2 Structural scheme of piezo actuator for nano biomechanics.

The structural scheme of the piezo actuator with one fixed end face
at the lumped parameters is obtained on Figure 3.

E(p)

1
- Myp [

C +Cf +kp

Figure 3 Structural scheme of piezo actuator with one fixed end face at elastic-

inertial load.

The transfer function of the piezo actuator with one fixed end face
at the lumped parameters on Figure 3 at R =0 has the form

2 (p) _ k,
U(p) sz2 +kl,p+C{f+C2

where U (p) is a transformation of the voltage for the piezo
actuator.

Therefore, the transfer function of a piezo actuator with one fixed
end face has the form

W (p)= 2)(p) _ d,(1/5)

Ur)  (1+c,/ct) (12p? + 218 p+1)

T, :W £ =kv/(2(Cif +C, )M, (CF +C6))
ct =5./(t1) -2

where 7,, §,, C,.f are the time constant, the coefficient of

attenuation and the stiffness of the piezo actuator at £ = const .

The transfer function of the piezo actuator with one fixed end face
at the transverse piezoelectric effect has the form

dy h/S

_ Ez(P) -
W(p)_U(p) (1+C./chi)(77p* + 218 p +1)
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];:

Myf(c.+cl). & =ah2C1E1/(3cE Im(c, +Cfl))
€1t = o/ (i) =1/ ()

where /1, O are the hei ght and the thickness of the piezo actuator.

The transient characteristic of the piezo actuator with one fixed
end face at the transverse piezoelectric effect and its step input voltage
has the form

&t
Cd (e e T

R YN | R =

sin(w+¢,)

[ ’ 2
wt:%é’z, ¢t = arctg %

At dy;, =2:10°m/V, h/8 =16, M, =1kg, Cf =2.8-10" N/m,
C, =0.4'10’N/m, U =25V parameters are obtained 7, =0.18-10"
s, Ah =70 nm.

From the equation of electromagnetoelasticity the mechanical
characteristic [10-38] of an electromagnetoelastic actuator for nano

biomechanics Sl.[Tj] has the form

v
dYﬂi\Pml‘{/:const + 8y TJ

Sil‘[/:const - /)

And the regulation characteristic [12-26] of an electromagnet
elastic actuator Si(‘Pm) has the form

¥
Sil :dmile +SijTj

T=const |T:const

The mechanical characteristic of an electromagnetoelastic actuator
with one fixed end face for nano biomechanics has the form

Al = Almax(1 - F/Fmax)
Almax = dmzlel

F..=T

max ~ ©j max

So=d,¥,S,/s}

where Al

max
maximum of the force.

is the maximum of the displacement and F,  is the

Therefore, for the mechanical characteristic of the piezo actuator
with one fixed end face at the transverse piezoelectric effect its
parameters have the form

Ah, =dy Esh
Fmax = d31E3S0/S£

Therefore, at d; =2-10"°m/V, E; =0.5-10°V/m, h =2.5-10?m,

S, =1.5:10°m?, s% =15-10">m?*N the parameters are found Ah,
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=250 nmand F, =10 N. Theoretical and practical parameters are
coincidences with an error of 10%.

The equation of the displacement of an electromagnetoelastic
actuator with one fixed end face at elastic load has the form

v
=+ C
A7l:dmi\Pm _syieAl
! S,
F=CAl

The adjustment characteristic of an electromagnetoelastic actuator
with one fixed end face at elastic load has the form

— dmtl\Pm
1+¢,/cyf

The adjustment characteristic of the piezo actuator with one fixed
end face at the transverse piezoelectric effect has the form

(dy h/5)U
1+C,/cE

K =(ds, 1/5)/(1+ €./ )

Ah= = kU

where £}, is the transfer coefficient.

Therefore, at @3 =2:10"° m/V, h/8 =16, Cf =2.8:10" N/m,

C, =0.4-10"N/m, U =20V parameters are found k; =2.8 nm/V,
Ah =56 nm.

Conclusion

The structural scheme of an electromagnetoelastic actuator
for nano biomechanics is found. The structural scheme of an
electromagnetoelastic actuator has difference in the visibility of
energy conversion from the circuits of a piezo vibrator. The structural
scheme of an electromagnetoelastic actuator nano biomechanics
is changed from Cady and Mason electrical equivalent circuits of a
piezo vibrator.

The structural scheme of an electromagnetoelastic actuator
is received from the electromagnetoelasticity equation and the
differential equation of actuator. The structural scheme of a piezo
actuator is obtained using the equations of the reverse and direct
piezoelectric effects. The back electromotive force of a piezo actuator
is written from the direct piezoelectric effect. The characteristics of an
electromagnetoelastic actuator for nano biomechanics are obtained.
The adjustment characteristic of a piezo actuator is found.
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